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jGSory . . 

(54) A package for a semiconductor 
chip 

(57) A package for a semiconductor 
chip (1*4) includes as an integral part 
thereof a frame-shaped surround 
preferably comprising a multilayer 
. ceramic capacitor (20). The chip is 



mounted Within the frame.* Conductive 
portions (e.g. 40) of the capacitor 
serve as the tenninals and plates of 
the capacitor and as planar power and 
ground members for interconnecting 
an externai power supply to the chip. 
. By means of these.planar members, . 
. power rs distributed to the chip in a 
lowHmpedance, substantially 
transient-free manner without utilizing 
any of the muftiple signal leads 
emanating from the paclcage. 
Moreover, the signal leads (21 — 33) 
are separated from the ground plane 
by a low-dielectric-constant materlar 
(42). As a result the signal leads are 
minimally loaded arid are 
charatiterised by a relatively constants 
impedance selected to optimise signal 
transfer to and from the chip. : 
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SPECIFICATION 

A package for a semiconductor chip 

This Invention relates to semiconductor chips 
and, more particulariy, to a package structure for 
5 housing and establishing electrical connections to 
such a chip. 

Various designs for packaging semiconductor 
chips are known. Somd of these designs provide * 
adequate mechanical, environmental and thermal 
10 protection for the housed chip. But, with respect 
to establishing signal and power connections to . 
the chip, these package designs typically treat 
signal Interconnection and power distribution to 
the chip as being basically the same. As a result of 
15 this standard design approach, conventional 
packages suffer from the disadvantage that the 
power supplied to the chip may include 
undesirable switching transients. This is 
particularly true if relatively large currents must 
20 be switched and delivered to the chip in a high- 
speed manner. In such cases, the presence of 
even small inductances iii the power supply 
distribution network, even within the chip . 
package, can generate significant spurious 
25 voltage signals. Such signals can, of course, 
deleteriousiy affect the performance of the chip. 

To minimise the in>pedance, especially the 
Inductance, of the distribution network that 
supplies power to the chip, it is standard practice 
30 In a conventional hijgh-performance package 
design to utilize multiple ones of the package 
leads as power and ground connections. This 
' approach-tends to reduce inductance and thereby 
reduce the magnitude of spurious or transient 
35 signals that occur In the power distribution 

networic But one penalty of this approach is that 
a relatively large numk>er of pins or leads of the 
package are thereby made unavailable for ^gnal 
transfer purposes. In some cases, this may in tum 
40 necessitate redesign of the package to provide a 
physically larger unit vyith additional signal leads. 
. Such a redesign, however, deariy mns counter to 
. - the desired goal of making the packaged chips as 

small as possible. 
45 Additionally, a separate by-pass capacitor 
element is often utilized in the distribution 
networic that supplies power to an integrated 
circuit chip. Spurious noise signals arising from 
■ switching transients are shunted by the by-pass 
50 capacitor element and thereby kept from being 
— ::r--appiied ttf the-€hlp.-Moreov er ; th e c a padtQr..acts, 
„. ...^..as-elocaKreservoirofenergyforu^irrentsurges 
drawn Bytiie chip. Butjeven If such a capacitor 
element is positioned physical V"cl^ to Its 
55 associated chipMon a rT}M inductance 
• - - In the le#ds connecting the element to the chip 
~ 7" "^n" B^e'^ basis fof g^^ 
- i^uridus voltages in the c6^ 

jvoltas^are "seen- only at the chip iteelf. 

60 ! Moreover; the bypass capacitors included in a 
microelecitforiic assembly can occupy a significant 
- part of the available area on the mounting board. 
As the trerKi to smaller and smaller assemblies 
continues, it would obvkxjsly be desirable to 



55 reduce the board area occupied by by-pass 
capacitors. 

Accordingly^ considerable effort has been 
directed at trying to. design improved packages for 
semiconductor chlpa In particular, much effort 

70 has been directed at trying to provide small-size 
packaged chips exhibiting high-performancis 
electrical characteristics. 

According to the present invention there is 
provided a package comprising a bbdy defining an 

75. interior cavrty, adapted for mounting.of a j 
semiconductor chip with conductive pads 
thereon, wherein planar ground and power - 
members are formed in parallel planes In the 
body, and the members have outer peripheral 

80 portions linkable to an external power supply, and 
Inner peripheral portions connectable to the 
: conductive pads lof the semkspnductor chip when 
mounted. 

An embodiment of the invention- provides an 

.85 improved package for a semiconductor chip. More 
specifically, there Is provided a packaged chip to 
which power is supplied in a substantially 
transient-free manner and to and from which 
signals are transferred In a particularly effective 

90 vi^. Moreover, there is provided a power supply 
by-pa^ capacitor for the chip In as compact and 
• space-saving a manner as possible. 

One embodiment of the invention, provkies a 
package for a semiconductor chip ^Including 

95 planar power and ground members. Additionally, 
the pdckage includes multiple signal leads 
extending therefrom. By means of the planar 
members, power Is distributed to the chip from an 
extemal power supply. Significantiy, this is done 

100 in a k>w-impedance substantially transient-free 
manner. 

To minimise inductance, bath of the planar 
power and ground members are designed to be as 
large in area as possible. Moreover, the planar 
1 05 members are formed In the package In closely 
spaced-apart parallel planes. Electrical 
connections extend from the planar members to a 
common interconnection l evel of the package. 
Advantageously, the signal leads are separated 
1 1 0 from the ground plane of the package by a low- 
dielectric-constant material. As a result, the signal 
leads are minimally loaded and are characterised 
by a relatively constant impedance selected to 
optimise signal transfer to and fro m the chip. 



115 



Moreover, in one particular illustrative 
embodiment of the principles.ofjt!ie.ptgsent^ 



invention, a pbwersuppfy ljypass capacitor" 
element Is a'dvaritageously-inciud 
package as an integral part-thereof,- 



1 20 More specifically, one particular Illustrative 



embodiment cbmprisiBis a:framers faaped:cape6ttp.r~ 
eiennent that constitutes a n.lntegrai-part Athe^ . — 
package. 'P^'e chip isfmounted^wkhiuajecess^-i:— 
defined by tb© frame-sha pedel e ment Conductive-^ 
1 25 surface portions form©^ on th e<gpacttof^^lement~ 
serve as terrninalsof the efement^S^^I^^^^ 
power and ground members.forTn"tercon ne"ctrng^I--r 



an extemal power supply t o^the chip . P ower- 

supply terminal members connected to the pjanar 
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members emanate from the package. Link 
members connect the power and ground 
members to the chip. Additionally, an insulating 
layer is formed on the planar ground member. 
.5 Multiple signal leads extend from the package. 
These leads lie on the insulating l^yer arid are 
connected to the chip. 

A complete understanding of the present 
invention may be gained firom a corisideration of 
TO the following detailed description piBsented 
hereinbelow In connection with the . 
accompanying drawings, in which: 

Rg. 1 is a perspective view, partially broken 
away, of a specific illustrative semiconductor chip 
T5 package made in accordance with one 
embKxJiment of the present invention; 

pig. 2 Is a Cross-sectfonal depiction at line 10' 
of Fig. 1 as viewed in the direction of arrow 2; 

Rg. 3 is a cross-sectional representation at line 
20 1 2 of Rg. 1 as viewed In the direction of arrow 3; 

Rg. 4, which is a top view of the capacitor 
element included in Rg. 1 , depicts dde-nietallised 
portipns thereof; 

Rg. 5 Is a top view of the metallic pattern 
25 formed on top of the capacitor element; 

Rg. 6 Is a top view of an Insulating layer 
formed on top of the metallic pattern of Rg. 5; 
and 

Rg. 7 is a top view of thaleadframe and chip 
30 shown in Fig. 1. 

In Rg. 1 , a conventional semiconductdr chip 
1 4 Is shown mounted on a conductive plate 1 6 
that constitutes the base member of a package 
for the chip. The plate 1 6; made, for example, of 
35 aluminum, serves as a heat sink for the depicted 
assembly. By way of example, the chip comprises 
a standard high-speed very-iargescale-integrated 
circuit of the metal-oxide-semiconductor type. 
Illustratively, the Ixyttom side of the chip 1 4 is 
40 bonded to the plate 16 by a layer 18 of 
conductive epoxy cement 

Afranie-shaped element 20 surrounds the chip 
14of Rg. 1. The element20 is also bonded to the 
plate 1 6 by means of the conductive epoxy 

cement layeri 8: In one speclfte illustrative 

embodiment of the Invention, the frame-shaped 
element 20, which serves as a integral part of the 
depicted package, comprises a by-pass capacitor. 

In other embodiments of the principles of the 
present invention, the frame-shaped element 20 
is riot a capacitor but designed instead simply to 
be a part of the housing Ibrthe chip 14. The main 
-^nfipfiasts fie! ilh"wilI T>e^ffi^ ^ to an 
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embodim ent-ln' Wh fch-th e' eteme nt-20'is a 

capacitor. In such an em bodimeiit, which 

constitutes a particuiarty'a)mpact'and *^ 
adramageousiverslortof appjLcantiSjny^ 
clo^lyspaci^ 
>(X)rrstitutejTelparalle^^ 
ground mem^ 

: power <fiistr1butidniiistw 

-^ThexfiaiSeftor formedr - 

forexaniplerBy punching 
lay^T§he6t^;met|Hi^^ 
multilayers ceramlcjsheets are known in the art 



and commercially available. Further details of 
. the structure of the elernent 20 will be set forth 
below in connection with the description of Fig. 3. 
Advantageously, multiple connections to the 

70 chip 14 are made thereto in a standard taper 
automated4>onding operation before the chip is 
positioned within the package shown in Rg. 1 . In 
thqt operation, multiple pads on the top of the 
chip are simultaneously connected to a 

75 cpnductivefblllead-iframe. In a mariner well 
known in the art The lead-frame-supported chip 
1 4 is then mounted in the depicted package. 
Subsequently, the lead-frame is to-lmmed. 
Additionally, a layer 1 9 of protective material, 

80 such as standard room-temperature-vulcanlsing 
rubber, is advantageously applied tothe top 
surface of the chip 1 4, es indicated in Rg. 1 . t 

A portion of the trimmed iead^me is shown 
In Rg. 1. The depicted portion comprises signal 

85 leads 2 1 through 33 whose free or outer ends 
extend beyond one outer edge of the package. 
The other or Inner ends of theseleads are 
respectively electrically connected to various 
points of the integrated circuit formed on the chip 

90 14. Additionally, the depicted portion comprises 
link members 34 to 37. The inner ends of the 
members 34 to 37 are respectively connected to 
various power and ground pads on the chip 14. 
Outer regions of these link members are 

95 connected to planar power and ground members . 
formed on surfaces of the capacitor element 20, 
as will be specified in detail later below. 

Furthermore, In the preferred embodiments, 
the trimmed lead-frame shown in Rg. 1 also 

100 includes power and ground terminal members 38 
and 39. The inner ends of these members 38, 
39 are respectively connected to the planar 
power and ground line members 34, 35 formed 
on and within the capacitor element 20. The oute; 

1 05 or free ends of the members 38 and 39 extend 
beyond outer edges of the package. These outer 
ends constitute terminal members for connectina 
the packaged chip to an external power supply. 
In Rg. 1 , only one group of thirteen signal leads 
-li O- 21-to 33 extending beyond one edge of the 
package are expricitly shown. But it is to be 
understood that such a package typically includes 
three other Identical groups of signal leads 
respectively extending beyond the other three 

1 1 5 edges of the package. Additionally, the package 
also typicallyincludestwo other pairs of link _ 
members respectively disposed adjacent to the 
— ^ othwr two inner-comers of the capacitorelernerit 



20. (These other signal leads and link membei^ 



T^O" wlll be specifically identified betow in connection- 
witlvthedescriptionof Rg.7:) 



=The upper most c»nductive.plate 40.of the - 



"capacitor element 20:shown in"Rg; 1 constitutes^ 
f!:~ a planar ground member. Aminsulating Iayer42-- 
'1^5'^rnaderfor example'W^ rnaterial is 

—J depdsltedori-topof-the ground member-40rln^ 
LI ~ tum; all of the signaHeads (such as the leads 21 
~ - through 33) include portions that rest directly on. 
" ■ top ofthe Insulating layer 42. In one specific - 
130 Illustrative embodiment in whfch the width of 
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each signal lead is about 1 00 micrometers, the 
thidcness of each signal lead is 50-ta-l 00 
micrometers and the thiclcness of the layer 42.is 
50-to-1 00 micrometers, the characteristic 
5 impedance of the signal leads is thereby . 
established at about BO-to-SO ohms. 

Fig. 2 shows the conductive signal lead 27 of 
the packaged chip of Rg. 1 . The lead 27 is 
disposed on the insulating layer 42 that overlies 

1 p the planar ground member 40. As.lndlcated 
above; the member 40 Is the top conductive plate 
of the capacitor element 20. Portions of the chip 
1 4, the conductive bonding layer 1 8 and the base 
plate 1 6 are also indicated in Fig. 2. If desired, a 

1 5 thin nonconductive bonding layer (not shown) 
may be interposed between the lead 27 and the 
insulating layer 42 to Impart additional 
mechanical stability to the assembly. 
Alternatively, the dielectric layer 42 may itself be 

20 an adhesh^e material. 

Fig. 3, which is a cross-sectional 
representation of the capacitor element 20, 
indicates the multilayered structure thereof. The 
element 20 comprises alternating layers of metal 

25 and ceramic. Metallic layers 43 to 46 are 
interconnected by side metallisation 48. Top 
metallic layer 43 constitutes the ground plane 40 
shown in Fig. 1 . Accordingly, In tiiis particular 
illustrative embodiment, the bottom metallic layer 

30 46 that rests in contact with the base plate 1 6 
(Fig. 1 ) is also intended to be grounded. 

By nneans of power supply terminal meml>er 
38 (Rg. 1 ), the ground (or relatively negative) 
terminal of an external direct-^un^nt power 

35 supi3ly is connected to the layers 43 through 46 
and to the side metallisation 48 shown in Rg. 3. 
The particular manner in which this is done within 
the package assembly will be specified In more 
detail below. 

40 Metairic Iayers49 tftrough 61 shown in Rg. 3 

are interconnected by skie metallisation 54. The 

side portion 54 is intended to be connected to the 

' poative terminal of an external direct-current 

power supply. This Is done by estabPshing an 

45 electrical connection wttiiin the package 

assembly between tiie metairisation 54 and power 

supply tenminal member 39, as will be specified in 

more detail below. 

Rg. 3 shows two of the ^ metallisations fomned 

50 on the capacitor element 20. These metallisations 

48 and 54 are schematically represented in Rg. 4 

^nand Identified them wfth the s a m e reference 



to 
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80 



85 



« ..mjmeral3.4itills!Kyhecef^ 
" Fig;4,^titKrmetallisations48 and 54are - 
55 designated^wtthifegath/e and posi^ signs to 
,- . .^icate.to vvhlcluBspecti^ ternii^^ of the 
r-. ...:r:r extemal power supply they-afe Intended to-bff 
z-r-— rconnected: Further more, In the embodiment, 
- — '-Additional slifitliarside metall^rtlons'are formed 
60' on tiie element 20.-These-additiooaL 

-metallisations 55 toSB'areshpv^ 4 and 
' ^re also mariced vvith positive-andfiiegative signs 
to Indicate their Interconnection pattern- 
It Is evident fipom Fjg. 4 tiiat energy from an 
65 external power supply enters the capacitor 



element 20 at the outside edges of the element 
Connections for the power supply are made to 
those eidges t>y means of the terminal members 
38 and 39 (Fig. 1 ). In tum, energy Is delivered 
from the capacitor element to the associated chip 
along the inner edges of the element via short 
connections to the chip contained therein. In that ' 
way, the inductances included in the input and 
ou^ut circuit paths connected to the capacitor 
element 20 are minimised. 

Fig. 5 shows the metallisation pattern printed 
or otherwise formed in a standard manner on the 
capacitor element 20 on top of the uppermost 
ceramic layer 59 thereof. A major part 60 of the 
pattem comprises the aforespeclfied ground 
plane (designated with a negative sign). The part 
60 Is electrically connected to the side 
metallisations 48, 56 and 57 represented fn Rg. 
4. Illustratively, the power supply terminal 
member 38 (Rg. 1 ) Is designed to contact end 
portion 62 of the part 60. 

Also formed on top of the uppermost ceramic 
layer 59 (Fig 5) of the capacitor element 20 are 
conductive regions 64 to 68 (each marked with a 
90 positive sign). The region 64 Is electrically 
connected to the side metallisation 55 of Rg. 4; 
the regions 65 and 68 are connected to the side 
. metallisation 54 of Rg. 4; and the regions 66 and 
67 are connected to the side metallisation 58 of 
95 Fig. 4. . 

The power supply terminal member 39 (Rg. 1) 
Is designed to contact the conductive region 64 of 
Rg. 5. In that way, the positive side of the external 
power supply is connected to the capacitor 
100 element 20. 

As indicated in Rg; 5, each of the four Inner 
comers of the metallisation pattem formed on top 
of the capacitor element 20 includes posHh/e and 
negative regk>n8. By means of link members, 
105 interconnections are made between these regions 
and conductive pads on the chip contained within 
the depicted framework. Four such link members 
designated 34 to 37 are shown in Rg. 1. 

In theafofespecrtied 1^ embodiment; 
1 1 0 the link member pairs are shown at the comers of 
the chip. But it is to be understood that these link 
members may be located anywhere around the 
periphery of the inside edge of the capacitor 
element 20 If appropriate electrical connections 
1 15 to the positive"(p6vv«r)lTTetallization"are"made'h^ 

conductive patt erns and/ or condu ctive v ias 

through tiher upljennu s t uefa if Tic Gyer of t he 



capacHorlelemintiiz 



- Rg. 6 show3-thB-pattern-of*e-lnsulating4ayeii. 
.120 42.formed„ on tgpjrf the planaLgrg.yi?-d member 
4O^^Rq r4T.OpeningsrZ0:lo4^^ 



. provide access ther ethrough-tojsilected portlop 

■ of^the uilddrtyll^^etalUsaticroipattern-^^ 
- Fig.-5. By mea ns of-conductive epoxv cement or — 
-125 by:anyother:standardicy) ndu(^e:jBttac^^ 
techfiiqu&7er ectr lcai:cpnnections:are: e 
between -tibe-oyeriylng^metajjlsatip^ == 
shown in=Ftg."-5FBy-mean3 of conductive epoxy 

cernentWlWJiny.2Sb^ 
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attachment technique, electrical connections are 
established between the overlying lead-frame 
{Fig. 1) and the metallisation portions directly 
underlying the openings 70 to 79. 
5 Fig. 7 Is a top view of the particular illustrative 
package chip of Fig. 1 . All fifty-two signal leads 
connected to the chip 1 4 are explicitiy shown in 
Rg. 7. Moreover, the previously specified power 
supply temninal members 38 and 39 and the link 
1 0 members 34 to 37 associated with two comers of 
the chip 14 are also shown in Rg. 7. Further, four 
additional link members 80 to 83 associated with 
the other two comers of the chip 1 4 are also 
depicted in Fig. 7. By means of these eight link 
15 members, power Is distributed from the inner 
comers of the afbredescribed capacitor element 
20 to the four comers of the chip 1 4. And, by 
means of the depicted signal leads and the power 
supply terminal members 38 and 39, the 
20 packaged chip can be physically secured and 
electrically connected to a standard mounting 
board, in a manner well known in the art 

Numerous modifications and altematlves of 
the embodiment may be devised by those skilled 
25 in the art For example, although primary 

emphasis herein has been directed to a package 
that Includes as an Integral part thereof a frame- 
like capacitor element ft is to be understood, as 
stated eariler above, that in some embodiments of 
30 this invention the frame-like member Is not 
fabricated to be a capacitor but designed instead 
simply to be a part of the housing for the 
associated chip. In those embodiments also, 
planar power and ground members, suitably 
35 insulated from each other, are formed on and 
within portions of the frame-like member so as to 
minimise power-ground loop Inductance. In such 
an embodiment the ground member couW be a 
top planar portion such as the member 40 of Rg. 
40 1 , and the power member could be another planar 
portion within the frame 20 bdow the member 
40. Suitable electrical connections from the 
power member to the lead^me level of the 
package are made by vlas and/or surface 
45~conduttive patterns, in a standard-manner known— 
in the art 

Furthermore, In those cases In which the 
frame-shaped element 20 Is not a capacitor, the 
planar p>ower and ground members may be 
50- formed in some other element of the package. For 

exa'mplerthe base plate member 1 6 of Rg. 1 may- 

. be made of a n Ins ulating mat erial h aving _ 
— —TOndo ctive pow eraria-groundtnembersformed — 
" -^^-t he refn'in doselys paced^-a p artj^ara li el^plar ie s^^^ 
65 Ele ctrical connecti o ns wou ld extend from tho se 
members to the leNad-frame of the package. " 
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thereon, wherein planar ground and power 
members are formed In parallel planes In the 
body, and the members have outer peripheral 
portions linkable to an external power supply, and 
Inner peripheral portions connectible to the 
conductive pads of the semiconductor chip when 
mounted. 

2. A package in accordance with claim 1, 
wherein link members are provided for connecting 
the inner peripheral portions of the planar ground 
and power membera with the semiconductor 
chip. 

3. A package In accordance with claims 1 or 2, 
wherein power supply members are provided for 
connecting the outer peripheral portions of the 
ground and power members to an external power 
supply. 

4. A package in accordance with claim 1 , 2 or 
3 wherein an insulating layer is provided on a 

80 selected portion cfthe ground and power 
members. 

5. A semiconductor package In accordance 
with claim 4, wherein multiple signal paths are 
provided having inner ends respectively 
connected to selected ones of the pads on the 
chip and having outer ends that serve as signal 
temnlnal members, and that a portion of each of 
the signal paths extends over the Insulating layer. 

6. A package In accordance with any one of 
claims 1 to 5, wherein portions of the planar 
ground and power members are formed on 
surface portions of the body farthest removed 
from the chip and portions of the planar ground 
and power membere are formed on surface 

95 portions of the body proxlnnate the main surface 
of the chip. 

7. A package In accordance with claim 6, 
wherein the power supply membere are 
respectively connected to the farthest-removed 

100 portions and the link membere are connected to 
the proximate portions. 

8. A package In accordance with any one of 
daims 1 to 7, wherein the body member 
comprises a capacitor element and the planar 

105-groundand power membere constitute the 
terminals and plates of the element 

9. A package In accordance with claim 8, 
wherein the element comprises a frame-shaped 
multilayer metallized ceramic capacitor. 

1 0. A semiconductor package in accordance 
— with dalm 6, 7 or 8, wherein the link members 

the power supply membere and the signal paths 
:=^constftute parts of an integral lead-frame 
:^assembly^ and the llnk^embers and the inner 



85 



90 



110 



lTB"endsorthe slgnalpatiTsare connected to pads ori 




Ihe chip in a tape-autdfiTated-bbndlng dper^ 
bef ore^th e chl p4s mo unted In the. cavlty.^ 
1 lFA"package-for ansemicondcutbr chip. 



_ frttif^^ vlty,":adap ted tor nwrnting oFa ' 
lirggTsemlcondtice^ VMlcondffc^e^dte 



HErsubstantiallyWHereinbefore described with 
1?0~^rBfereHi^ to tire^tfccompariylngidrawings.^ 
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